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Introduction
With increasing numbers of vehicles and growing demands on fossil energy in the past several decades, the coupled resource depletion and critical environmental pollution have raised an urgent need for alternatives to fossil fuels and combustion engines. The utilization of intermittent renewable energy such as wind and solar power, have attracted tremendous attention and provided an ecologically friendly and sustainable solution to meet the exponentially increasing demand for energy. Thus, high specific energy rechargeable battery systems of low-cost for energy storage are essential. Among the many candidates, the lithium-ion battery (LIB) is considered as "state-of-the-art" and has been used for portable devices and electric vehicles [1] [2] [3] [4] [5] [6] [7] . However, the traditional LIB seems to be insufficient for practical application in emerging markets due to the limited specific energy of the cell, which indicates that remarkable developments are necessary for applications such as electric vehicles [8] [9] [10] .
Lithium/sulfur(Li/S) cells have been investigated since the 1960s and have drawn tremendous attention in recent years due to its rather high theoretical capacity of 1675 mA h g À 1 (S 8 þ 16Li
-8Li 2 S) and specific energy of 2600 W h kg À 1 , indicating a superior energy storage capability. Furthermore, sulfur, which is ubiquitous in nature, is environmentally benign and low-cost. [4, [8] [9] [10] [11] [12] [13] [14] [15] Li/S cells have become one of the most promising rechargeable cell systems, showing great potential in meeting the rigorous needs for electrical vehicles and grid-scale stationary storage. Despite their advantages, Li/S cells still are affected by some intrinsic drawbacks. The dissolution of lithium polysulfides into organic liquid electrolytes and its "shuttle effect" together with mechanical degradation of the sulfur cathode (caused by severe volume change of sulfur particles (up to 80%) during cycling) limits the Li/S cell lifetime, meanwhile, the electrically insulating nature of sulfur and Li 2 S causes sluggish reaction kinetics, resulting in low electrochemical utilization of the active material and poor rate capability [16, 17] . As a result of efforts to address these issues significant improvements have been made in recent years by coupling sulfur to various carbon materials (e.g., graphene, graphene oxide (GO), and carbon fibers), polymers (e.g., polyethylene glycol (PEG), polypyrrole (PPY), polyacrylonitrile (PAN)) and transition metal oxides with novel hierarchical and core-shell configurations to overcome the drawbacks of the sulfur cathode [4, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . In addition, another difficulty of the Li/S cells is the use of a metallic lithium anode, which is associated with dendrite formation on the surface of the Li metal anode caused by the inhomogeneous current distribution during cycling, leading to serious safety hazards and cell shorting [30] [31] [32] . Fully lithiated lithium sulfide (Li 2 S) with a theoretical specific capacity of 1169 mA h g À 1 Li 2 S has become a more desirable cathode material for the Li/S cell due to its capability of pairing with a lithium-free anode such as silicon and some tin compounds which can obviate the safety concerns of the lithium metal anode when using sulfur [10, [33] [34] [35] [36] [37] [38] [39] [40] [41] . Li 2 S particles, as the end discharge product of the Li/S cell, shrink during charging and generate empty space to accommodate the volume expansion of sulfur particles during lithiation (discharge), thus the mechanical failure of the cathode can be alleviated, resulting in improved cycle life for the Li/S cell. Moreover, the higher melting point of Li 2 S (1372°C) [42] enables modifications under high temperature treatment conditions such as chemical vapor deposition (CVD) that can provide a uniform and stable carbon coating on the particle surface [35, 36, 43] . Sharing the same reaction mechanisms, Li 2 S cathodes inevitably encounter the same problems as for sulfur cathodes such as the dissolution of polysulfides into most liquid electrolytes, and its "shuttle effect" which can induce low utilization of active material, low coulombic efficiency and severe degradation of the cycle life. Meanwhile the low electronic and ionic conductivity of Li 2 S also cause low sulfur utilization and poor rate capability of the sulfur cathode [10, 44] . To address the abovementioned problems, many approaches have emerged to improve the electrochemical performance of the Li 2 S cathode, for example employing Li 2 S nanoparticles, and encapsulating Li 2 S with carbon, [1, 10, 35] conductive polymers or transition metal disulfides [37, 45] . In addition, some functional carbon materials such as carbon nanofibers, graphene and GO are also used to enhance the electrical conductivity of the Li 2 S cathode material [36, [46] [47] [48] [49] . Herein, an especially efficient structure of single-layered graphene bonded to carbon coated Li 2 S nano spheres (Li 2 S/G@C) is demonstrated and used as a cathode material for the Li/S cell, showing high specific capacity and excellent cyclability. Singlelayered graphene was used as a conductive host for Li 2 S nano sphere deposition and all the Li 2 S/graphene composites were further treated with the CVD method to form a very stable and electrically conductive carbon shell on the surface of the Li 2 S nano spheres which can not only provide individual void spaces to accommodate the volume change caused by transition between Li 2 S and elemental S, but also act as a protective shield against polysulfide dissolution during cycling. We found that the use of graphene flakes can greatly affect the morphology of the Li 2 S/graphene composite and CVD results. With the optimized procedure, a Li 2 S/G@C composite with uniformly distributed ultra-fine carbon coated Li 2 S nano spheres ( $ 100 nm) on both sides of singlelayered graphene was synthesized. As the highly conductive substrate, graphene can facilitate the electron transport in the cathode material. In addition, the sluggish lithium ion diffusion through the insulating sulfur (or Li 2 S) can be accommodated by the nanosized Li 2 (451 mA h g À 1 of S) still retained, which is significantly higher than that of a new Li ion cell.
Experimental section

Material synthesis
Due to the high sensitivity of Li 2 S to moisture, all the synthesis procedures and furnace tube assembly/disassembly were conducted in an argon-filled glove box with a moisture content below 0.1 ppm and oxygen level below 0.6 ppm. The Li 2 S/G@C Nano-composites were prepared as follows: Different amount of graphene (3 mg, 5 mg, 8 mg, 10 mg) were firstly dispersed in 4.2 mL 1.0 M lithium triethylborohydride in tetrahydrofuran (1 M LiEt3BH in THF, Sigma-Aldrich) under ultra-sonication for 10 min. Then 3 mL toluene containing 2 mmol sulfur (Alfa Aesar, Sulfur powder $ 325 mesh, 99.5%) was added into the prepared solution and stirred at room temperature. After 5 min, the mixture was heated to 90°C under continuous stirring to precipitate lithium sulfide nano-spheres. The Li 2 S/G composite was washed with THF and hexane via centrifugation twice. After being dried inside of a glove box overnight the collected sample was heat-treated at 500°C for 30 min. To estimate the weight percentage of pure Li 2 S inside of the Li 2 S/G composite, a certain amount of Li 2 S/G powder after heat treatment was weighted and washed with deionized water via filtration for several times until the pH of the filtered solution reached 7, then the powder was dried under vacuum at 50°C overnight and weighted again. The Li 2 S reacted with water during the process, so comparing the weight difference between Li 2 S/G and the washed powder would provide the weight ratio between pristine Li 2 S and Li 2 S/G composite (90-97 wt%). To obtain carbon coated Li 2 S spheres the Li 2 S/G composite was heated to 450°C and maintained at 450°C for 30 min using argon gas and acetylene (carbon precursor) with a flow rate of 100 sccm (standard cubic centimeters per minute) and 10 sccm, respectively. The amount of carbon deposited can be calculated by weighting the composite before and after the CVD process (8-19 wt%). To increase the stability as well as the electronic conductivity of the carbon shell, the as obtained Li 2 S/G@C composite was further heated at 750°C for about 30 min.
Electrochemical measurement
The cathodes were prepared by grinding a mixture containing active material, carbon black (super P) and polyvinylpyrrolidone (PVP; Mw$ 1300 K) (pure Li 2 S: C: PVP¼60:30:10, by weight) for 10 min, then dispersing the mixture in N-methyl-2-pyrrolidinone (NMP) to make slurry with a concentration of 250 mg mL 
Characterization
The structure of the samples was investigated with an X-ray diffractometer (XRD, Bruker AXS D8 Discover GADDS microdiffractometer) with a Co Kα radiation source. An air-free holder was used to provide an inert atmosphere for the Li 2 S samples during the test. The morphology and particle size of the samples were examined using a field emission scanning electron microscope (FESEM, JEOL JSM-7500F) with elemental mapping using energy-dispersive X-ray spectroscopy (EDS, Oxford). High resolution transmission electron microscopy images were collected using a 200 kV FEI monochromated F20 UT Tecnai instrument.
As for the polysulfide dissolution test, 1 mg of commercial Li 2 S, #3-Li 2 S/G@C, #5-Li 2 S/G@C and #8-Li 2 S/G@C were each added into a 1.5 mL THF/toluene mixture (1:1, by volume) containing 7 mg sulfur.
Results and discussion
The synthesis process for the Li 2 S/G@C is illustrated in Fig. 1a . Considering the stacking nature of graphene, different amounts of commercial single-layered graphene (Fig. S1 ) (3 mg, 5 mg, 8 mg and 10 mg) were first dispersed in a solution of lithium triethylborohydride (LiEt 3 BH) in tetra-hydrofuran (THF) via ultra-sonication to form a homogeneous graphene/LiEt 3 BH mixture. Sulfur powder was dissolved in toluene and then added to the as-prepared graphene-LiEt 3 BH mixture solution [50] . Li 2 S is synthesized on the basis of the following chemical reaction:
The same amount of Li 2 S in all Li 2 S/G composites was obtained by controlling the amount of sulfur used, and Li 2 S spheres were uniformly deposited on the surface of the graphene sheets after the evaporation of the solvent. A facile CVD method was conducted at 450°C for 30 min using acetylene gas as a carbon source to form a uniform carbon protection layer on the surface of the Li 2 S spheres. More detailed information about the synthesis process of the Li 2 S/G@C composite is available in the supporting information. The X-ray diffraction (XRD) patterns of prepared samples are displayed in Fig. 1b , all XRD peaks observed in the XRD patterns of the prepared Li 2 S/G@C composites can be indexed by the cubic structure of Li 2 S (Fm3m, PDF#65-2981), indicating that pure Li 2 S was successfully fabricated in all samples. XRD Peaks attributed to LiOH were caused by the reaction of Li 2 S with moisture during testing.
The mass fraction of the graphene, the protective carbon layer formed via CVD and the Li 2 S of the prepared Li 2 S/G@C composites depending on the different amounts of graphene during synthesis are individually displayed in Table 1 . In order to investigate the microstructure of each sample, scanning electron microscopy (SEM) characterization was carried out and the results are shown in Fig. 2 . It can be expected that the amount of graphene in the precursor solution has a dramatic influence on the morphology of the samples, because the total surface area of single-layered graphene which provides the sites for heterogeneous nucleation of Li 2 S depends on the amount of graphene added. Due to the lower nucleation barrier Li 2 S will be preferentially nucleated on the surface of the graphene. With a smaller amount of graphene, independent Li 2 S spheres will form due to a lack of surface available for Li 2 S formation. It was confirmed by the SEM images of sample #3-Li 2 S/G@C (Fig. 2a and b ) that was prepared with the smallest amount of graphene, the structure of #3-Li 2 S/G@C was composed of both graphene sheets covered with ultra-fine Li 2 S particles and the independent Li 2 S nano spheres with a uniform size of 500 nm. When the amount of graphene increased, the independent Li 2 S nano spheres disappeared and the spherical Li 2 S on the graphene was only observed in the #5 and #8-Li 2 S/G@C composites ( Fig. 2c-f ), although the #5-Li 2 S/G@C composite still showed agglomeration of Li 2 S nano particles in some parts, which might cause a nonuniform particle size distribution and less effective carbon coating. Compared to samples #3 and #5, #8-Li 2 S/G@C composite showed the most promising morphology in which the Li 2 S spheres were uniformly distributed on single-layered graphene sheets with a particle size of 50-100 nm, which is beneficial for the enhancement of electrical conductivity attributed to the efficient electronic pathway through a conformal carbon coating and the graphene sheet, together with a short pathway for Li ions through the reduced Li 2 S particle size. In the #10-Li 2 S/G@C composite (Fig. S2 ), some exposed graphene surface remained due to the excess amount of graphene and that provides sites for the growth of carbon nanofibers (CNFs) during the CVD process, which is probably due to some catalyst residues left in the graphene. The growth of CNFs causes difficulty in controlling both the Li 2 S particle size distribution and the amount of carbon coating, so the #10-Li 2 S/ G@C will not be discussed in this paper.
To further explore the differences among these composites, galvanostatic charge-discharge tests of coin cells with #3,5 and 8-Li 2 S/G@C as cathode materials were performed to compare the electrochemical performances of the different cathodes. In order to obtain high capacity in cells, it is very important to increase the conductivity of electrode and use an optimized cell composition. In our work, the role of the ionic liquid in the electrolyte is to palliate the high mobility of polysufides and to improve the capacity and rate capability of the cells [51, 52] . LiNO 3 is believed to be an effective additive in the electrolyte that not only helps the electrochemical oxidation of Li 2 S, but also prevents polysulfides from contacting the Li anode by generating a protective film on the Li metal anode. Because LiNO 3 may be irreversibly reduced on the cathode at potentials lower than 1.6 V (vs. Li/Li þ ), the discharge cutoff voltage here was set at 1.7 V to avoid capacity fade due to reduction of the nitrate [53, 54] . In addition, a large overpotential was always observed during the initial charging process that was associated with the initial formation of polysulfide. In order to overcome the high energy barrier all the cells were charged to 4.0 V at a relatively low C rate of 0.05 C during the first cycle [10] .
The rate capabilities of all the Li 2 S/G@C electrodes are shown in Fig. 3a , even though good capacities can be obtained with #3, #5 and #8-Li 2 S/G@C cathodes at 0.2 C, the specific capacity of the #3 and #5-Li 2 S/G@C composite cathodes dramatically decreased as the discharge rate increased. This capacity loss with increased rates is directly associated with the conductivity of the cathodes [55] . In contrast, the #8-Li 2 S/G@C cathode showed the best rate capability and delivered specific capacities of 1029.8 mA h g respectively. More importantly, for all the cathodes highly reversible specific capacities recovered to more than 1100 mA h g À 1 of S when the C rate was switched back to 0.2 C after 60 cycles, indicating good rate capability and good recovery of the cathodes. Fig. 3b-d shows representative voltage profiles of each cathode at different C rates. For consideration of stability, we chose the voltage profile at the second cycle of each different C rate. Two discharge plateaus in the range of 2.4-2.1 V and 2.1-1.7 V, respectively, were observed, which are related to the stepwise reactions between Li 2 S and solid S 8 molecules [8] . The second discharge plateau was more sensitive to the discharge C rate [55] , consequently, all the cathodes revealed decreased utilization of sulfur and increased overpotentials as the discharge C-rate increased. Both the #8 and #5-Li 2 S/G@C could undergo reversible redox reactions at higher C rates, however, #8-Li 2 S/G@C showed the lowest charge and discharge overpotentials at each C rate and exhibited a stable plateau even at the high C rate of 2 C, demonstrating a remarkable electronic conductivity and the lowest energy loss associated with charge/discharge overpotentials owing to the combination of the highly conductive graphene substrate and the carbon coating.
The cycling performance of all the cathodes charged and discharged at 0.5 C is presented in Fig. 3e, and was measured for all cathodes at the second cycle, which is probably due to a minor loss of active material caused by imperfect protection of the carbon layer during the first cycle. The highest discharge specific capacity of up to 751 mA h g À 1 of Li 2 S (1074 mA h g À 1 of S) was still retained with #8-Li 2 S/G@C cathode after 100 cycles. Interestingly, the first charge plateau of all cathodes ( Fig. S8 ) displayed relatively low overpotentials compared to the results reported by most researchers, and the overpotentials gradually decreased as the amount of graphene increased, which might indicate higher electronic conductivity, good lithium ion diffusivity in the Li 2 S and faster charge transfer at the Li 2 S surface in the #8-Li 2 S/G@C composite [10, 36] . The long-term cycling stability was conducted at a high charge and discharge C rate of 2.0 C for 1000 cycles and the results are shown in Fig. 4 . As shown in Fig. 4e , the #8-Li 2 S/G@C cathode exhibited both the highest discharge specific capacity and cycling capability for 1000 cycles. A specific capacity of 315 mA h g À 1 of
Li 2 S (450 mA h g À 1 of S) was obtained after prolonged cycling period of 1000 cycles with a Coulombic efficiency of over 99.5% during cycling. Abrupt specific capacity increase with decrease of Coulombic efficiency occurred within the first 100 cycles, which may be related to the following: (i) the deformation of the carbon shell and Li 2 S redistribution during cycling, when the cells were charged at 2.0 C, a small part of active material may not be involved the reaction in the first several cycles but might be activated after the cathode structure reaches a stable configuration [56] ; (ii) polysulfides generated as a result of imperfect carbon coating or failure of the protective layer will shuttle back to the cathode and be oxidized to higher-order polysulfides, leading to a slight capacity increase; (iii) the special single-layered graphene structure may undergo minor structural changes during early cycles at high C rates. The voltage profiles of the 10th, 200th, 500th and 1000th cycles at 2.0 C for each cathode are displayed in Fig. 4a-c. As tested under the same C rate, the disparities placed in the durability of plateaus, serious capacity loss and overpotential increases occurred after 200 cycles for the #5-Li 2 S/G@C cathode (Fig. 4b) , which might because of the polysulfide dissolution. Meanwhile, the critical "shuttle effect" during cycling at 2 C could be one possibility to lead to the poor cycling performance of the #3-Li 2 S/G@C cathode (Fig. 4c) . On the contrary, excellent cycling capability was obtained by the #8-Li 2 S/G@C cathode (Fig. 4a) , which exhibited steady discharge plateaus around 2 V during discharge even after 1000 cycles, and more importantly, the increase of overpotentials during cycling turned out be very small. The SEM images of the #8-Li 2 S/ G@C electrode before and after 1000 cycles are also presented in Fig. S9 , despite minor deformation of the carbon shells, the microstructure of spherical nano particles uniformly distributed on single-layered graphene sheet still remained, indicating high stability of the electrode structure.
Polysulfide dissolution tests were conducted to detect the degree of protection provided by and the stability of the protective carbon shell formed during the CVD process. Polysulfide will be produced by the reaction of Li 2 S in the cathode material with the dissolved sulfur in the test solution, which causes the color change of the test solution from clear to dark orange. So the color of the test solution should change quickly if the carbon protection layer is not sufficient to isolate the Li 2 S core form the solvent. As displayed in Fig. 5a , bare Li 2 S powder exhibited a dark orange color after 10 days which indicates that a reaction occurred between Li 2 S and the dissolved sulfur. The test solution colors of the #3-Li 2 S/G@C and the #5-Li 2 S/G@C composites also turned to light orange after 10 days and became darker in the following days and it is noticeable that the carbon layer of the #5-Li 2 S/G@C seems to provide better protection against the loss of Li 2 S. The test solution of #8-Li 2 S/G@C composite remained clear even after 20 days and only showed a slight color change after 30 days, indicating that a substantially protective carbon layer was formed on the Li 2 S nanoparticles after CVD and successfully suppresses the penetration of solvent into the inner core. The #8-Li 2 S/G@C composite sample was washed with deionized water via ultra-sonication for 5 min, and the dried sample was then tested by transmission electron microscope (TEM, Fig. S7 ). In Fig. S7 , the carbon shells can be observed, validating the structural stability of as-formed carbon protection. Since the CVD deposit is essentially the thermolysis product of acetylene (C 2 H 2 ) which can be strongly affected by the condition of the surface, fast deposition of carbon occurred at surfaces with high activity. When using the same amount of carbon source, materials with smaller particle size and less agglomeration were likely to exhibit more conformal and stable carbon coatings. The CVD results obtained from polysulfide dissolution tests were in good agreement with the morphologies observed by SEM and the positive effect of a durable carbon layer on the electrochemical performance by suppressing polysulfide dissolution and enhancing the electronic conductivity of the #8-Li 2 S/G@C composite.
As discussed above, the introduction of graphene can significantly affect the morphology and the electrochemical performance of as-synthesized Li 2 S/G@C composites, so high capacity together with high rate capability and cycling stability of cathode material can be achieved by employing an optimal amount of graphene and generating a durable protective carbon layer on the Li 2 S particles via the CVD process. Since the #8-Li 2 S/ G@C composite showed the best electrochemical performance among all the samples, it would be instructive to investigate further the electrochemical and structural features of the composite. The cycling performance test results of the #8-Li 2 S/G@C composite cathode presented in Fig. 5b shows an initial discharge specific capacity of 993 mA h g Li 2 S (866 mA h g À 1 of S) at 0.5 C, 1.0 C and 2.0 C, respectively. It is notable that the high specific capacity retention of 92% after 100 cycles was obtained at the 1.0 C rate. The voltage profiles at the 10th cycle at each C rate (Fig. 5c ) exhibited similar curves with the voltage profiles shown in Fig. 3b and indicates the high electrical conductivity and structural stability of the #8-Li 2 S/G@C composite. To further investigate the electrochemical behavior of the #8-Li 2 S/G@C composite cathode, cyclic voltammetry (CV) was conducted for 5 cycles at a slow scan rate of 0.025 mV/s and the results are displayed in Fig. 5d . The potential was swept from the OCV to 4.0 V followed by a sweeping between 1.7 V and 2.8 V. Two anodic peaks related to the energy barrier for the conversion of pristine Li 2 S to sulfur during the first charge process were present at a relatively low voltage of less than 3.5 V compared to the results shown in previous reports, which might indicate the positive effects of the small particle size of Li 2 S with less agglomeration of the #8-Li 2 S/G@C composite [35] . The redox peaks centered at 2.34 V and the sharp peak at 2.05 V during discharge can be attributed to the stepwise reaction from the S 8 molecule to longchain polysulfide Intermediates and further to the final product Li 2 S (or Li 2 S 2 ). The anodic peak that appeared at 2.32 V with a shoulder is associated with the conversion of Li 2 S to S 8 . The small voltage shifting between cathodic and anodic peaks reflects a low overvoltage of the cell and indicates a high reversibility of the cell reaction. The striking features displayed in the CV curves revealed good capacity retention and cycling stability of the #8-Li 2 S/G@C composite cathode which was enabled by the reduced particle size of Li 2 S and the conformal carbon coating on the Li 2 S surface. To further demonstrate the structure of the #8-Li 2 S/G@C composite, SEM observation with energy dispersive X-ray spectroscopy (EDS) was conducted (Fig. S10) , which confirmed the homogeneous distribution of sulfur (corresponding to Li 2 S based on the XRD pattern) and carbon (graphene and carbon coating layer) in the #8-Li 2 S/G@C composite. The oxygen signal might be contributed by LiOH which formed during sample transfer to the SEM chamber. In order to elucidate the core-shell structure formed during CVD and the microstructure of the #8-Li 2 S/G@C composite, transmission electron microscopy (TEM) was conducted ( Fig. 6a-c) . As shown in the low magnification TEM image of the #8-Li 2 S/ G@C (Fig. 6a) , Li 2 S nano spheres with a size of $ 100 nm were well encapsulated in a uniform carbon layer and bonded to the graphene sheets. Since the sample was exposed to the moisture in air during transfer of the sample into the TEM chamber, bright holes inside of the carbon shell could be observed due to the sulfur loss caused by the reaction between Li 2 S and moisture that generates H 2 S gas. A conformal turbostatic carbon layer was detected by high resolution TEM with thickness that ranged from 12 nm to 14 nm, as shown in Fig. 6b . Distinct lattices with d-spacings of 0.332 nm and 0.286 nm that correspond to the (111) and (200) planes of Li 2 S, respectively, were observed, demonstrating the crystalline Li 2 S inside the carbon layer. More importantly, in some well-preserved particles, as displayed in Fig. 6c , the poly-crystalline structure of Li 2 S with very small nano-grains was observed, which could dramatically shorten the lithium diffusion distance and enhance the diffusion rate of Li ions inside Li 2 S particle by allowing Li ions to transfer through these nano grain boundaries. It can be suggested that the unique nano-structure of Li 2 S contributed to the excellent rate performance of the #8-Li 2 S/G@C composite cathode.
Conclusion
In summary, we synthesized Li 2 S/G@C nanocomposites by combining graphene with Li 2 S nano spheres and further forming a durable protective carbon layer on the surface of the Li 2 S particles using a facile CVD method. By comparing and investigating the influence of the amount of graphene on both physical structure and electrochemical properties of Li 2 S/G@C, a promising structure of single-layered graphene bonded to conformal carbon-coated Li 2 S nano spheres was developed. The success of this Li 2 S/G@C electrode affording high rate capability and cycling stability with a good capacity retention was ascribed to the following: (i) Uniform nano-sized particle distribution of Li 2 S on graphene resulting in a very conformal carbon coating after CVD which assisted in preventing Li 2 S from contact with electrolyte and suppressing the polysulfide dissolution and capacity decay; (ii) Improved electronic conductivity resulting from both a highly conductive graphene substrate and a conformal carbon layer formed via CVD effectively facilitated fast transport of electrons in the electrodes; (iii) Reduced lithium diffusion limitations, attributed to the reduced particle size and specific crystal structure of the Li 2 S nano spheres providing high Li ion transport rates which together with enhanced electronic conductivity can significantly improve the rate performance and cycling stability of the electrode; (iv) Robust structure of the Li 2 S/G@C also contributed to the stability of the electrode under long-term cycling.
